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D Articulated structure for legged walking robot 

) A legged walking robot such as a two-legged walking robot for example, haa an articulated structure 
with at least two degrees of freedom, one of which is a degree of freedom for anguterfy moving a leg in a 
pitch direction about a first axis (12) of a hip joint assembly, comprising an electric motor (74) for 
anguany moving the leg in the pitch direction. The electric motor has an output shaft which Is axJalJy 
aligned wfth the first axis (12) about which the leg is angularly movable In the pitch direction. The 
afttatatod structure also has a speed reducer (72) having an Input shaft which la coaxial with the output 
shaft of the electric motor. The other degree of freedom Is a degree of freedom for angularly moving the 
leg In a rod direction normal to the pitch direction. The articulated structure also Includes a second 
electric motor (52) for angularly moving the leg in the rol direction and a second speed reducer (56) 
haymg an output shaft which is coaxial with a second axis about which the leg is angularly movable in 
the roll direction. 
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ARTICULATED STRUCTURE FOR LEGGED WALKING ROBOT 



The present invention relates to an articulated 
structure for a legged walking robot, and mora particu- 
larly to an articulated structure for a legged walking 
robot, which includes hip Joints having moving compo- 5 
nents whose inertial masses are reduced to effec- 
tively lower the energy required to actuate the moving 
components. 

There are known legged walking robots having a 
plurality of legs, such as two-legged walking robots. A 10 
study of the motion of moving components of such a 
legged walking robot indicates mat whDe the body of 
the legged walking robot moves at a substantially con- 
stant speed, the legs are repeatedly accelerated and 
decelerated to a great degree in each cycle of move- 1 a 
merit Actuators associated with the respective articu- 
lations or joints of the legged walking robot are 
required to actuate the Inertia! masses of leg portions 
below those joints. Therefore, these Joints need to 
actuate the leg portions with large torques at high 
speeds, which mean that a large amount of energy Is 
consumed by the actuators to move the robot How- 
ever, the consumption by the walking robot of the 
large amount of energy is not preferable because ft 
reduces the usefulness of the robot 

The legs of a legged walking robot include joints 
for making motions in a forward direction (hereinafter 
referred to as a "pitch direction"), a lateral direction 
(hereinafter referred to as a "roll direction") or a 
rotational direction, etc The actuators for actuating 
the leg portions In the pitch direction are most required 
to produce large torques at high speeds. This is 
because the leg portions which are movable in the 
pitch direction move in a wide range and hence at 
large accelerations end decelerations, so that they 
are required to move with large torques at high 
speeds or high frequencies. As a result, the Joints for 
moving the leg portions in the pitch dfrection and 
actuator motors associated with these joints are large 
and heavy. 

Generally, a legged walking robot has a vertical 
series of Joints. Use of actuators which produce large 
torques at high speeds In combination with the vertical 
series of joints increases the Inertia! masses of leg 
portions that have to be actuated by the actuators in 
higher positions. Therefore, the actuators in higher 
positions must be of greater capacities, with the 
result that the total weight of the legged walking robot 
is increased. In connection with the above problem, 
there has been proposed a legged walking robot 
which includes Intersecting pitch and roll axes in each 
of Its hip joints, as disclosed in Japanese Laid-open 
Patent Publications Nos. 62(1987)-970Q5 and 
62(1 987>97008. Each hip Joint comprises a hydraulic 
pump and a hydraulic actuator. However, while the 
hydraulic actuator is small and powerful, it causes a 



large energy conversion loss, and the hydraulic pump 
has to be operated by an electric motor of large 
capability. Such an actuator assembly is not prefer- 
able for the legged walking robots for which only a 
limited amount of energy te available. At any rate, me 
proposed legged walking robot does have an articu- 
lated structure designed to reduce the inertial mas- 
ses. 

The hip Joints of a legged walking robot are com- 
plex because they need to have many degrees of free- 
dom. The mechanical components of the legs of the 
legged walking robot tend to interfere with each other 
when the Joints are actuated. To avoid such a physical 
interference between the mechanical components, it 
is necessary to design the robot such that the 
mechanical components be spaced from each other, 
e.g., the legs be spaced from each other by a large 
distance, if the legs axe largely spaced from each 
other, then when one of the legs Is in a transfer phase, 
the weights of the leg in the transfer phase and the 
body of the robot are applied to the other leg which is 
in a support phase. Of the hip joint of the leg In the 
support phase, the joint for driving the leg in the roil 
direction is now subjected to the moment caused by 
the applied weights. Since the imposed moment 
increases In proportion to the distance by which the 
legs are spaced apart, the electric motors for actuat- 
ing the Joints on the legs are required to produce large 
output powers, and the Inertia! masses to 
the motors are large, resulting In an Increased amount 
of energy consumed by the robot The spaced-apart 
legs also increase an inertial moment about the verti- 
cal axis of the robot body. Ae a consequence, the 
robot cannot move lightly. 

Legged walking robots have foot and knee Joints 
as well as hip Joints. These foot and knee Joints are 
also actuated In the pftch and roll directions. It is desi- 
rable that the path along which a leg in the transfer 
phase is to move be eaaOy calculated in the gait con- 
trol of the robot The three Joints, i.e., the foot, knee, 
and hip Joints associated with each leg, in the conven- 
tional legged walking robots are arranged parallel to 
each other, making ft possible to calculate the path of 
movement in an orthogonal coordinate system. Since 
a yaw axis for changing the direction of movement of 
the robot is disposed on each of the thighs of the 
robot however, when the robot Is turned, the parallel- 
ism of the pitch axes is disturbed by an Interference 
with the yaw axes, with the result that the necessary 
calculations are rendered highly complex. 

The actuators in a legged walking robot are 
advantageously positioned upwardly of the 
associated joints in order to reduce the inertial 
moments applied lower leg portions. With such a con- 
struction, the robot has a high center of gravity. There- 
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fore, when a gravitational pufl is exerted to the robot, 
tending to overturn the upper body of the robot at the 
time the robot is about to stand up, the time required 
for the robot to fal as an inverted pendulum is long 
enough for the robot to be controlled to achieve its 5 
norma! posture. For this reason, ft has been proposed 
to position electric motors upwardly of associated 
joints and to drive the articulations with belts powered 
by the motors at suitable power transmftttng ratios, as 
disclosed in Control of Dynamic Two-Legged Walking 10 
Robots, wrttten by Furusho, Bulletin No. 3, Vol. 1, of 
Japan Robotics Society. 

According to the above known arrangement 
since torque of the motors is transmitted by the belts 
whose speed reduction ratio is usually limited to 3 to 1 5 
4, the electric motors which are designed to rotate at 
high speed have to be energized In a low speed 
range. Inasmuch as the desired torque cannot be pro- 
duced from the electric motors because of the avail- 
able speed reduction ratio, the capacfty of the electrlo 20 
motors has to be Increased. Consequently, the pro- 
posed robot structure is not effective enough to 
reduce the inertia! moments. The torque required by 
the Joints is determined necessarily In a quantity 
required to support the weight of the robot when the 25 
robot is about to stand up. The belts which transmit 
the torque to the Joints are thus subjected to strong 
forces, and hence have to be wide and large enough 
to withstand the applied forces. With the wide and 
large belts Incorporated In the hit Joints, the legs must so 
be designed such that the robot walks bandy-legged 
In order to avoid the physical interference between the 
legs. 

Viewed from one aspect there Is provided In 
accordance wfth the present Invention an articulated ss 
structure in a legged walking robot having at least two 
degrees of freedom, one of which is a degree of free- 
dom for angularly moving a leg In a pitch direction 
about a first axis of a hip Joint assembly, comprising 
en electric motor for angularly moving the leg In the 40 
pitch direction, the electrlo motor having an output 
shaft which is axiaUy aligned wfth the first axis about 
which the leg is angularly movable In the pitch direc- 
tion. 

The electric motor for moving the leg In the pitch 45 
direction, is of the greatest weight b required to pro- 
duce a large torque, and is energized most frequently, 
and the electric motor Is positioned to reduce the iner- 
tia! masses of components therebelow and also to 
reduce the amount of energy which Is to be consumed so 
by the electric motor to actuate the components. 

The articulated structure may further Include a 
speed reducer for reducing the speed of rotation from 
the electric motor whfle increasing the torque thereof, 
the speed reducer having an input shaft which coaxial 56 
wfth the output shaft of the electric motor. Providing a 
speed reducer whose Input shaft is coaxial wfth the 
output shaft of the electric motor makes the articu- 



lated structure compact In a preferred embodiment 
the other degree of freedom is a degree of freedom for 
angularly moving the leg in a roil direction normal to 
the pitch d fraction. The articulated structure may 
further Include a second electric motor for angularly 
moving the leg In the roll direction and a second speed 
reducer for reducing the speed of rotation from the 
second electric motor while Increasing the torque 
thereof, the second speed reducer having an output 
shaft which is coaxial with a second axis about which 
the leg is angularly movable In the roO direction. 

The above arrangement allows the compact 
articulated structure to have a higher center of gravity 
and also to avoid physical Interference between the 
components thereof. 

The leg may Include a link positioned vertically 
downwardly of a pointed Intersection of the first and 
second axes about which the leg is angularly mov- 
able, the hip Joint assembly having an upper member 
positioned upwardly of the link, the link being rotat- 
aWe with respect to the upper member with the two 
degrees of freedom, the second electric motor being 
fixedly mounted on the upper member, further includ- 
ing means for transmitting the rotation from an output 
shaft of the second electric motor to an Input shaft of 
the second speed reducer. 

The hip Joint assembly may further Include a sec- 
ond upper member positioned vertically upwardly of 
the first-mentioned upper member, the first-men- 
tioned upper member being rotatable wfth respect to 
the second upper member about a third axis which 
extends vertically for a third degree of freedom, 
further including a third electric motor for turning the 
leg about the third axis and a third speed reducer for 
reducing the speed or rotation from the third electric 
motor wh8e Increasing the torque thereof, the third 
speed reducer having an output shaft which is coaxial 
with the third axis. 

The third electric motor may be fixedly mounted 
on the second upper member, and may further Include 
means for transmitting the rotation from an output 
shaft of the third electric motor to an input shaft of the 
third speed reducer. 

The third electric motor may be posftioned behind 
and closely to the third axis in a forward direction of 
the legged walking robot 

The above construction avoids physical interfer- 
ence between the parts of the hip Joint assembly, per- 
mits the hip Joint assembly to have a free posture, and 
reduces inertia! moments about the vertical axle in the 
hip Joint assembly. 

According to the present Invention, there is also 
provided an articulated structure in a iegged walking 
robot having at least three Joints with a first degree of 
freedom for angularly moving a leg in e pitch d traction 
about a fbst axis of a hip Joint assembly, and second 
and third degrees of freedom for angularly moving the 
leg in the pitch direction about respective second and 
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third axes, the three Joints being arranged such that 
the first second, and third axes remain parallel to 
each other at all times without physical Interference 
with each other. 

The positions of the Joints can be determined In s 
an orthogonai coordinate system at all times Irrespec- 
tive of movements caused according to other degrees 
tffreerJorrtThe path which is to be followed by the leg 
fn a transfer phase can easOy be calculated. 

Furthermore, there Is also provided an artlcuiatBd 10 
structure in a legged walking robot having two rela- 
tively movable links Interconnected by a Joint, com- 
prising a speed reducer coaxial with the Joint an 
electric motor disposed upwardly of the speed 
reducer, for actuating the Joint and means for trans- 
mitting rotation from the electric motor to the speed 
reducer. 

With the above arrangement the Inertia! mass of 
the legged walking robot Is reduced, and the height of 
the center of gravity thereof Is Increased to extend the 
time required for the legged walking robot to fall over 
upon a failure. The extended time results In an 
increased time In which to control the robot to recover 
Its desired posture. An embodiment of the Invention 
will now be described by way of example and with 
reference to the accompanying drawings, In which : 

FIO. 1 is a schematic fragmentary perspective 
view of a legged walking robot Incorporating an 
articulated structure according to an embodiment 
of the prevent invention ; 
FIO. 2 Is an enlarged vertical cross sectional view 
of a hip Joint assembly of the articulated structure; 
FIG. 3 Is a cross-sectional view taken along line 
II! - DI of FIG. 2 ; 

FIG. 4 Is a cross-sectional view taken along line 
IV- IV of FIG. 2; 

FIG. 5 is a side elevation ed view of a leg portion 
or shank below a knee Joint of one of the legs 
shown In FIG. 1 ; and 

FIG. 6 to a cross-selectlonai view taken along line 
VI -VI of FIG. 5. 

FIG. 1 schematically shows a legged walking 
robot 1, illustrated as a two-legged walking robot by 
way of examote, which Includes an articulated struc- 
ture according to an embodiment of the present inven- 
tion. The articulated structure of of the legged walking 
robot 1 includes two legs each associated with six 
articulations or Joints (axes). The Joints (axes) of each 
leg Include, In the order named from above, a Joint 
(axis) 10 for turning the leg, a Joint (axis) 12 on a thigh 
link 70 for moving the (eg In a pitch direction, a Joint 
(axis) 14 on the thigh link 70 for moving the leg In a 
roll direction, a Joint (axis) 1 8 In the knee for moving 
a shank link 88 In the pitch direction a jolrt (axis) 18 
on the ankle for moving a foot 22 in the pitch direction, 
and a Joint (axis) 20 in the ankle for moving the foot 
22 in the roll direction. The foot 22 Is mounted on the 



lower end of the leg. The legged walking robot 1 also 
includes a body 24 mounted on the upper ends of the 
legs. The Joints (axes) 10, 12. 14 Jointly constitute a 
hip joint assembly, and the joints 18, 22 Jointly consti- 
tute a foot Joint assembly. 

On each of the thigh and the ankle of each teg, the 
two pitch and rofl Joints are disposed perpendicularly 
to each other, and have respective axes Intersecting 
with each other at one point The Joints 12, 18, 18 In 
the hip Joint assembly, the knee Joint and the foot Joint 
assembly, respectively, extend parallel to each other. 
Irrespective of movements caused by other degrees 
of freedom, particularly, movements of the Joint 10 to 
change the direction of the leg, the Joints 12, 18, 18 
remain parallel to each other. In the hip Joint assem- 
bly, the joint 10 and the pitch and roll joints 12, 14 
extend perpendicularly to each other, so that the three 
axes of rotation, representing three degrees of free- 
dom, extend perpendicuiarly to each other. Each of 
the legs of the legged walking robot 1 according to the 
Illustrated embodiment therefore, has six degrees of 
freedom. Irrespective of the position or posture of the 
body 24, the foot 22 can be placed in any position, at 
any angle, and in any direction. 

RGS. 2 through 4 show the hip Joint assembly In 
greater detail. The body 24 shown In FIGS. 2 and 3 
houses therein a control unit comprising a microcom- 
puter fw controlling movements of the legged walking 
robot 1 and a battery for supplying electric energy to 
the control unit and various electric motors. As shown 
In FIG. 2, the body 24 is mounted on a pelvis plate 30. 
The legs are operatively coupled to the body 24 
through the pelvis plate 80, and used for locomotion 
and support of the legged walking robot 1. The legs 
including the hip Joint assemblies, as shown In FIG.1, 
are structurally identical to each other and positioned 
symmetrically. Therefore, only one of the tegs includ- 
ing the hip Joint assemblies wifl be described below. 

In FIG. 2, the pelvis plate 30 supports a first Har- 
monic (commercial name) speed reducer 32 having 
an input shaft 33 on which a pulley 34 is mounted. The 
pulley 34 is rotated by a belt 35 which actuated bya 
first electric motor 38 that Is mounted on the pelvis 
plate 30 with Its output shaft extending vertically. The 
speed of rotation of the Input shaft 33 of the speed 
reducer 32 Is reduced by relative movement between 
a flexible ring 38, a fixed ring 40, and an output ring 
42 of the epeed reducer 3Z The fixed ring 40 is bolted 
to the pelvis plate 30, and the output ring 42 Is bolted 
to an output member 44. In response to the rotation 
applied from the first electric motor 38, the output 
member 44 Is rotated with respect to the peMa plate 
30 about the joint axis 1 0. Since the first electric motor 
36 Is fixedly mounted on the pelvis plate 30, the leg 
is not required to bear the weight of the first electric 
motor 38. The first electric motor 38 Is positioned 
behind the leg In the direction In which the legged 
walking robot 1 moves In the forward (pitch) direction, 
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so that the first electric motor 36 does not physically 
interfere with the leg In Its pitching movement The 
first electric motor 38 Is also disposed relatively 
closely to the Joint axis 10 to reduce the inertia) 
moment about the vertical axis. 

As shown in FIGS. 2 through 4, a first yoke 50 Is 
bolted to a lower surface of the output member 44. 
The first yoke 50 has a hollow upper portion 51 which 
houses a second electric meter 52 wfth its output shaft 
extending horizontally. Rotation from the second elec- 
tric rnotor 52 b transmftted through a belt 54 to a sec- 
ond Harmonic speed reducer 56 which Is supported In 
the first yoke 50 below the second electric motor 52. 
The second Harmonic speed reducer 58 reduces the 
speed of the applied rotation, and rotates an output 
ring 58 at a reduced speed with an Increased torque. 
The second Harmonic speed reducer 56 has a fixed 
ring 60 bolted to a lower left-hand side (as viewed In 
FIGS. 3 and 4) of the first yoke 50. The output ring 58 
is fixed through an output member 62 to an upper end 
of the thigh link 70, which is posftioned beneath the 
first yoke 50. Therefore, when the second electric 
motor 52 Is energized, the thigh link 70 is angularly 
moved relatively to the first yoke 50 about the Joint 
axis 14. The leg b therefore angularly moved in the 
rod direction about the Joint axb 14, Le., makes a rol- 
ling movement about the Joint axb 14. The second 
Harmonic speed reducer 56 b positioned behind the 
leg in close proximity wfth the Joint axis 10. 

The first yoke 50 has a lower right-hand side serv- 
ing as a bearing, which cooperates with the output 
member 62 In supporting the upper end of the thigh 
link 70. The second electric motor 52 which actuates 
the thigh link 70 b mounted on the first yoke 50, but 
not on the thigh link 70. Therefore, the thigh link 70 b 
not required to bear the weight of the second electric 
motor 52. The inertia] mass to be actuated by the sec- 
ond electric motor 52 b therefore relatively small, and 
the torque to be produced by the second electric 
motor 52 may be small 

As shown in FIG. 3, the upper end of the thigh link 
70 has a second yoke 71 composed of laterally 
spaced yoke members between which there are dis- 
posed and supported a third Harmonic speed reducer 
72 and a third electric motor 74 for applying a torque 
thereto. The third Harmonic speed reducer 72 and the 
third electric motor 74 are horizontally aligned with 
each other. As shown in RGS. 3 and 4, rotatton from 
the third electric motor 74 b transmitted directly to the 
speed reducer 72 without any belt therebetween. The 
third Harmonic speed reducer 72 has a fixed ring 76 
coupled to the second output member 62, and an out- 
put ring 78 coupled to the second yoke 71. Therefore, 
when the third electric motor 74 b energized, the sec- 
ond yoke 71 b rotated relatively to the output member 
62, causing the thigh link 70 to angularly move about 
the Joint axb 1Z Thus the thigh link 70 b angularly 
moved in the pitch direction about the Joint axb 12, 



Le., makes a pftchlng movement about the Joint axb 
12. The third electric motor 74 which actuates the 
thigh link 70 b not mounted on the thigh link 70, but 
on the output member 62, Le., the first yoke 50. 
6 Accordingly, since the thigh link 70 b not required to 
bear the weight of the third electric motor 74, the Iner- 
tia! mass of the thigh (Ink 70 b smaller by the weight 
of the third electric motor 74 than would be ff the third 
electric motor 74 were mounted on the thigh link 70. 
10 As a result, the capacfty or weight of the third electric 
motor 74 may be reduced. As shown In FIG. 4, the 
third Harmonic speed reducer 72 b positioned on an 
outer side of the teg remotely from the other leg, thus 
avoiding physical Interference wfth the corresponding 
15 third Harmonic speed reducer on the other leg. The 
Joint axes 10, 12, 14 perpendicularly intersect with 
each other at a point A (FIG. 3), so that the angular 
positions of the Joint axes 10, 12, 14 can be calculated 
through transformation of an orthogonal coordinate 
zo system. 

As shown in FIG. 2, the thigh link 70 has a recess 
79 defined In an upper end portion thereof and hous- 
ing a fourth electric motor 80. Rotation from the fourth 
electric motor 80 b transmitted through a belt 82 to the 
25 knee Joint 16. As shown In RGS. 5 and 6, the belt 82 
b trained around the Input shaft of a fourth Harmonic 
speed reducer 84 mounted in the knee Joint 16, which 
has a cavity 85 defined therein for a reduced weight 
The fourth electric motor 80 Is positioned as closely 
so to the upper end of the thigh link 70 as possible. 
Therefore, the inertia! mass of the thigh link 70 b 
reduced, and the center of gravity thereof b posi- 
tioned in a relatively high poslton. 

The knee Joint 1 6 and the foot Joint assembly are 
35 operatfvefy coupled to each other by the shank link 
86. The shank link 86 has a recess 87 defined In an 
upper end thereof and housing a fifth electric motor 
88. Rotation from the fifth electric motor 8a Rotation 
from the fifth electric motor 88 te transmitted through 
40 a belt 90 to a fifth Harmonic speed reducer 92 moun- 
ted In the ankle, for angularly moving the foot 22 In the 
pitch direction about the axb 18, Le., making a pitch- 
ing movement of the foot 22 about the axb 48. The 
foot 22 can also be angularly moved about the axb 22 
46 in the roll direction by a sixth Harmonic speed reducer 
94 mounted on the lower end of the shank link 88 and 
a sixth electric motor 96 disposed in the lower end of 
the shank link 88, for actuating the sixth Harmonic 
speed reducer 94. 
so The fifth electrio motor 88 b posftioned as closely 
to the upper end of the shank link 86 as possible. 
Thus, the inertia! mass of the shank link 86 b reduced, 
and the center of gravity thereof b positioned In a rela- 
tively high poslton. 
« As described above, the pitch Joint axes 12, 16, 
18 extend parallel to each other. Since the Joint 10 b 
positioned above these pitch Joint axes 12, 16, 18, the 
pitch Joint axes 12, 18, 18 are not disturbed by the Joint 
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10, and positional calculations In an orthogonal coor- 
dinate system are allowed at all times when the 
legged walking robot 1 walks as wefl as turns. 

Operations of the legged walking robot 1 wQl now 
be described below. As shown in FIGS, 2 through 6, 
the electric motors 38, 52, 74, 80, 88, 98 are 
associated with respective rotary encoders 37, 53, 75, 
81, 89 (the rotary encoder combined with the sixth 
electric motor 96 la omitted from Illustration) which 
detect angular displacements of the motor shafts. The 
ankle has a six-axis force sensor (FIGS. 5 and 8) for 
measuring an applied load, etc Output signals from 
the rotary encoders and the force sensor are supplied 
to the control unit In the body 24. The CPU of the 
micro-computer In the control unit calculates present 
angular positions based on the supplied signals, sear- 
ches for control values stored In a memory of the 
microcomputer, and energizes the electric motors In 
order to eliminate any differences between the pre- 
sent angular positions and the control values. Such a 
control process will not be described in detail as It has 
no direct bearing on the present Invention. The control 
unit Is housed In the body 24 In Isolated relation to the 
electric motors so that the control unit wQl not be 
adversely affected by electromagnetic noise pro- 
duced by the electric motors. 

In the Illustrated embodiment the actuators for 
actuating the legs comprise relatively light electric 
motors rather than hydraulic actuators, and the pitch- 
Joint for making pitching movements in the hip joint 
assembly is positioned most closely to the thigh link. 
When each leg is to make a pitching movement, the 
weights of the actuators for actuating the other joints 
(axes) do not Impose an undue load on the pitch joint 
In the hip Joint assembly, and hence the actuator (third 
electric motor 74) for making pitching movements 
may be reduced in capacity or weight The rotataWe 
shafts of the third Harmonic speed reducer 72 and the 
third electric motor 74 are axially aligned wfth the pitch 
joint axis 12 about which the thigh link 70 makes pitch- 
ing movements. Therefore, the Inertia! masses of the 
third Harmonic speed reducer 72 and the third electric 
motor 74 are minimized from a theoretical standpoint 
If the rotataWe shafts of the third Harmonic speed 
reducer 72 and the third electric motor 74 were offset 
from the pitch Joint axis 12, then their InertiaJ masses 
would be increased in proportion to the distance by 
which their shafts were offset from the pitch Joint axis 
12, since the actual Inertia! masses would be the sum 
of the Inherent Inertia] masses of the speed reducer 
72 end the motor 74 and the square of (their masses 
x the offset distance). It is most reasonable to position 
the speed reducer and motor which make pitching 
movements, are of the greatest weights, and are most 
frequently energized, at the Intersection of the Joint 
axes 12, 14, and to position the other speed reducers 
and motors in other locations. The Joint (roil Joint) in 
the hip joint assembly, which requires a second 



largest torque and a second highest speed, is posi- 
tioned immediately next to the pitch Joint and the leg 
turning joint in the hip Joint assembly, which requires 
a smallest torque, a lowest speed, and a smallest 

5 change In the speed, and which is also least fre- 
quently used, is positioned in the highest location. 
Although ail the other joints Impose a load on the high- 
est leg turning joint when the leg is to make a turning 
movement since the turning movement Itself is lower 

10 In speed than the pftchlng movement no signtft- 
cantfytarge torque is required by the leg turning Joint 
even if large Inertia! massesare applied thereto. The 
above arrangement of the joints Is thus highly prefer- 
able from the above practical standpoint The 

15 aforesaid joint layout Is also effective for minimum 
energy consumption because the time required to 
make a turning movement is shorter than the time 
required to make a pitching movement 

The hip joint assembly Illustrated in the above 

20 embodiment Is highly compact with the second Har- 
monic speed reducer 58 positoned behind the leg In 
the prtehdlrection. When the thigh link 70 swings In the 
forward direction, it is not disturbed by any objects. 
Accordingly, the thigh link 70 is movable in a wide 

25 range in the pitch direction, allowing the legged walk- 
ing robot 1 to take a crouching position. The third Har- 
monic speed reducer 72 is disposed on the outer side 
of the leg, so that the third Harmonic speed reducers 
72 on the two legs are prevented from physically Inter- 
so fering with each other. As a result the distance be- 
tween the two legs Is reduced. When one of the legs 
Is In a transfer phase, the moment applied to the the 
other leg In a support phase under a gravitational pull 
is reduced. Consequently, the capacity or weight of 

55 the second electric motor 52 of the roll Joint Is 
reduced, and so Is the inertia! mass of the leg. 

The first electric motor 36 is positioned not only 
behind the leg, but also close to the vertical central 
axis of the legged walking robot 1 . As a consequence, 

40 the inertia! moment about the vertical axis of the 
legged walking robot is reduced, thereby allowing the 
legged walking robotto make movements lightly when 
it Is controlled* 

In the above embodiment the electric motors for 

49 actuating some Joints are positioned on components 
above the joints, and the speed reducers are posi- 
tioned In these Joints, respectively, wfth their output 
shafts axially aligned with the joints, the speed reduc- 
ers being operativer/ coupled to the electric motors 

so through belts. Therefore, the Inertia! moments applied 
to the electric motors are reduced without substan- 
tially increasing the weight of the overall leg, and the 
robot has a high center of gravity. It Is effective to posi- 
tion the electric motors at as high locations as poss- 

55 fWe, because even though the distances between the 
electric motors and the speed reducers are large, the 
belts extending therebetween are only required to 
transmit relatively smafl motor torques before the 
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speed of rotation la reduced Since the belts may be 
slender and light they do not add a substantial weight 
to the leg. 

The hip Joint assembly, the knee joint, and the foot 
joint assembly are relatively positioned such that the 
pftch joint axes 12, 16, 18 remain parallel to each 
other at ail times. Therefore, a (eg in a transfer phase 
moves along a simple path, which can easily be cal- 
culated In a short period of time when the leg Is to be 
placed In any desired position and direction without 
the body's being not changed In position and posture. 

The speed reducers are not limited to the Illus- 
trated Harmonic speed reducers, but may be speed 
reducers comprising gears. 

The belts may or may not reduce the speed of 
rotation which Is transmitted thereby. 

The rotary encoders for detecting angular dis- 
placements of the electric motors may be replaced 
with potentio-fneters or any of other angular displace- 
ment transducers. 

The present Invention has been described as 
being Incorporated in the articulated leg structure of a 
two-legged walking robot However, the principles of 
the present invention as also applicable to an articu- 
lated leg structure for a multi-legged walking robot 
having three or more legs. 

Thus it wDI be seen that there Is provided an 
articulated structure for a legged walking root, which 
is small in size and light In weight with electric motors 
used as actuators, and has the electric motors and 
associated speed reducers arranged appropriately for 
the effective reduction of Inertia] masses of moving 
components of hip joint assemblies. 
The hip joints are compact to avoid physical interfer- 
ence between the legs and also to reduce the inertial 
moments applied to the robot The articulated struc- 
ture has three Joints associated with each leg that are 
positioned appropriately with respect to each other for 
easy calculations of the path along which a leg in a 
transfer phase moves, effectively obviates the draw- 
backs of the conventional legged walking robots, and 
reduces the inertial moments applied to the robot and 
increasing the height of the center of gravity of the 
robot 

Although a certain preferred embodiment has 
been shown and described, it should be understood 
that many changes and modifications may be made 
therein without departing from the scope of the appen- 
ded claims. 



Claims 



1. An articulated structure in a legged walking robot 
having at least two degrees of freedom, one of 
which Is a degree of freedom tor angularly moving 
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a leg In a pitch direction about a first axis of a hip 
joint assembly, comprising an electric motor for 
angularly moving the leg In the pitch direction, 
said electric motor having an output shaft which 
Is axtally aligned with said first axis about which 
the leg Is angularly movable in the pitch direction. 

2. An articulated structure according to claim 1, 
further including a speed reducer for reducing the 
speed of rotation from said electric motor while 
increasing the torque thereof, said speed reducer 
having an Input shaft which coaxial with said out- 
put shaft of the electric motor. 



3. An articulated structure according to daim 1 or 2, 
wherein the other degree of freedom is a degree 
of freedom for angularly moving the leg In a roll 
direction normal to said pitch direction, further 
Including a second electric motor for angularly 

20 moving the leg in the roll direction and a second 
8 peed reducer for reducing the speed of rotation 
from said second electric motor whOe increasing 
the torque thereof, said second speed reducer 
having an output shaft which is coaxial with a seo- 

2B ond axis about which the leg is angularly movable 
In the roll direction. 

4. An articulated structure according to daim 3, 
wherein the leg includes a Dnk positioned verti- 

so calty downwardly of a point of intersection of said 
first and second axes about which the leg Is angu- 
larly movable, said hip Joint assembly raving an 
upper member positioned upwardly of said link, 
said link being rotatable with respect to said upper 

$5 member with said two degrees of freedom, said 
second electric motor being fixedly mounted on 
said upper member, further including means for 
transmitting the rotation from an output shaft of 
said second electric motor to an Input shaft of said 

40 second speed reducer. 

5. An articulated structure according to daim 4, 
wherein said hip joint assembly further tndudes a 
second upper member positioned vertically 

45 upwardly of said first-mentioned upper member, 
said first-mentioned upper member being rotat- 
able with respect to said second upper member 
about a third axis which extends vertically for a 
third degree of freedom, further Indudlng a third 

so electric motor for turning the leg about said third 
axis and a third speed reducer for redudng the 
speed or rotation from said third electric motor 
while increasing the torque thereof, said third 
speed reducer having an output shaft which Is 

55 coaxial with said third axis. 

6. An articulated structure according to daim 5, 
wherein said third electric motor Is fixedly moun- 



7 



13 



EP0433 098 A2 



ted on said second upper member, further includ- 
ing means for transmitting the rotation from an 
output shaft of said third electric motor to an input 
shaft of said third speed reducer. 

8 

7. An articulated structure according to claim 6, 
wherein said third electric motor is positioned 
behind and closely to said third axis in a forward 
direction of the (egged walking robot 

10 

8. An articulated structure In a legged waiWng robot, 
having at least three joints with a first degree of 
freedom for angularly moving a leg in a pitch 
direction about a first axis of a hip joint assembly, 

and second ans third degrees of freedom for is 
angularly moving the leg In the pitch direction 
about respective second and third axes, said 
three joints being arranged such that said first, 
second, and third axes remain parallel to each 
other at aO times without physical interference zo 
with each other. 

9. An articulated structure in a legged walking robot 
having two relatively movable links interconnec- 
ted by a joint, comprising a speed reducer coaxial 25 
wfth said joint, an electric motor disposed 
upwardly of said speed reducer, for actuating said 
joint, and means for transmitting rotation from 
said electric motor to said speed reducer. 
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11 



EP0 433 098 A2 



FIG. 4 




12 



EP0 433 096 A2 



FIG. 5 FIG. 6 




13 



J 



® 



EuropaJaches Patantamt 
European Patent OfRoo 
Office europeen daa bravata 





@ Publication number : 0 433 096 A3 



EUROPEAN PATENT APPLICATION 



@ Application number : 90313722.2 
@ Data of filing : 14.12.90 



@ Int CI. 8 : B25J 11/00, B25J 5/00, 
G05D 1/10 



@ Priority : 14.12.89 JP 324218/89 

(S) Data of publication of application : 
^ 19.08.91 Bulletin 91/25 



(8) Designated Contracting States : 
DE FR GB 

(8) Data of deferred publication of search report : 
29.01.92 Bulletin 92/05 

(fi) Applicant: HONDA GIKEN KOGYO 
KABUSHIW KAI3HA 
1-1, 2-choma MlnamkAoyama 
Minato-ku Tokyo (JP) 



ffh Inventor: Goml, Hlroahl 

K.K. Honda G(Jyutau Kankyuayo, 4-1, Chuo 
1-chome 

Wako-ahl, Sattama-ken (JP) 

Inventor : Kumagal, Tomoharu 

K.K. Honda Gtfyuteu Kankyuayo, 4-1, Chuo 

1-chome 

Wako-ahl, Saltama-ken (JP) 

Inventor : Hlroae, Maaato 

K.K. Honda GByutau Kankyuayo, 4-1, Chuo 

1-chome 

Wako-ahl, Saltama-ken (JP) 

Inventor : Nlahlkawa, Maaao 

K.K. Honda GByutau Kankyuayo, 4-1, Chuo 

1-chome 

Wako-ahl, Saltama-ken (JP) 

(m) Representative : Leale, Robin Georga et al 
^ FRANK B. DEHN & CO. Imperial House 15-19 
Klngaway 

London WC2B 6UZ (GB) 



(3) Articulated structure for legged walking robot 

®A leaaed walking robot such as a two-legged walking robot for example, has an articulated afru^re 
Jh SCl^aof freedom, one of which is a degree of freedom for angularly; movtogj a eg ina 
Z dSn about a first axis (12) of a hip joint assembly, comprising an elecAta motor (74) far 
aSlariVmoving the leg in the pitch direction. The electric motor ^ ft ^ ft 8 ^^^ n ^ 
aJtaned with the first axto (12) about which tiie leg Is angularly movable in the ^ j"^ 0 ' 7"° 
S^JS^ has a'apeed « JTg^ 

shaft of the electric motor. The other degree of freedom la ade^ofj^om ^ a ^"^ m fl w ^™ 
leg In a roll direction normal to the pitch direction. The articulated structure also J^^J™ 
dearie motor (52) for angularly moving the leg in the rdl direction and a second speed re^r (56) 
SeHutpS shaft which a coaxial with a second axis about which the leg is angularly movable in 



3 

CP 

o 



0. 
UJ 



the roll direction. 



Jouve, 18, rue Salnt-Denia. 75001 PARIS 



FIG. I 




EP 0 433 098 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



iriata, 



CLASSIFICATION OP THE 
APPLICATION 0 It. CIS) 



A 
A 

P,A 



US - A - 4 579 558 
(RAMER) 

* Pig. 2,7; column 5, 
lines 1-20 * 

* Totality • 

US - A - 4 751 868 
(PAYNTER) 

* Fig. 9,10 * 

EP - A - 0 399 720 
(CARNEGIE-MELLON-UNIVERSITY) 

* Pig. 1,2,4,5,9; column 7, 
lines 48-52; claims * 

US - A - 4 698 572 
(STONE) 

* Fig. 5; abstract • 

EP - A - 0 108 657 
(FUJITSU) 

* Fig, 6,7,9; abstract; 
claims * 



Tke 



i ftr i 



1.2 

3-9 

1,3-9 

1-9 

1,3-9 
1,3-9 



B 25 J 11/00 
B 25 J 5/00 
G 05 D 1/10 



TECHNICAL FIELDS 
SEARCHED 0*. 05) 



B 25 J 11/00 
B 25 J 5/00 
G 05 D 1/00 
B 25 J 1/00 



VIENNA 



omi t im «r 

28-11-1991 



KRAL 



CATEGORY OF CITED DOCUMENTS 




T : tkmtj or priadpte ■adcrfyttf t»« tovtttlM 
E : mrOm fttm* 4mm«, Ml paiUsi* m, «r 

•ft» tW Ottftt «**• 
D : dMi to lb* mtkaflra 



iftknMpii«) fully, oomafo^imt 



3 



